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ABSTRACT

The Effect of Positioning on Pelvic Floor Muscle Activity as Evaluated with Surface
Electromyography in Normals

by

Karen R. Whitter-Brandon

Physical therapists who treat patients with urinary incontinence commonly utilize sEMG
biofeedback. Practitioners compare resting tone, maximal contraction, and muscle
endurance measures before and after pelvic floor exercise instruction to determine
intervention and demonstrate progress. There is little research that supports the use of
biofeedback in positions other than supine. The purpose of this study was to examine the
effect of positioning on pelvic floor muscle activity as measured by surface
electromyography (sEMG) in supine, sitting, and standing. Subjects were healthy
nulliparous and multiparous women, 23-74 years old, with no symptoms, history,
diagnosis, or treatment of incontinence. Subjects were randomized for exposure to
sEMG in three different positions. Their age, parity, and delivery type was recorded.
The subjects underwent a manual pelvic floor muscle strength assessment (PFMSA) to
evaluate contraction recruitment. Then, using a vaginal probe electrode, they were
instructed in a sEMG protocol which assessed baseline resting tone, maximal voluntary
contraction, 10 second contractions, and a contraction-relaxation series in each of the
three positions. Evaluation of resting tone both as an isolated measure and as part of a
contraction-relaxation series was demonstrated to be higher in standing and sitting than in
supine. A contraction trial lasting 10 seconds also demonstrated higher standing and
sitting values. No differences were found between single maximal contraction or
contraction in a contract-relax series between the three positions. Positions of standing
and sitting respectively increase the resting tone and muscle recruitment demand of the
pelvic floor as measured by sEMG when compared to supine. Physical therapists using
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sEMG to treat patients with pelvic floor weakness or laxity can anticipate that in
positions other than supine, the pelvic floor support requirements increase.
Key Words: Measurement, pelvic floor muscles, position, supine, sitting, standing,
sEMG, Normals

Over 13 million Americans suffer from urinary incontinence, an involuntary loss
of urine.1,2 Eighty-five percent of those who suffer from this condition are women.
There are five types of urinary incontinence: 1) Stress, 2) urge, 3) overflow, 4)
functional, and 5) mixed.3 The most common type is stress urinary incontinence (SUI),
which occurs when a person leaks urine due to an increase in intra-abdominal pressure
applied to the bladder.4 A significant extrinsic support for maintaining continence during
changes in intra-abdominal pressure is the normal function of pelvic floor muscles
(PFM).5
Treatment approaches for SUI have included physical therapy-based incontinence
programs that utilize neuromuscular re-education, diet and voiding counseling, and
conditioning exercises.6,7 In randomized controlled trials, biofeedback programs with
pelvic floor muscle exercise have been reported to reduce the number of incontinence
episodes by 50%-80%. 8
Physical therapists are trained in measuring muscle function. When assessing the
pelvic floor muscles (PFM), various tools are useful for demonstrating different
characteristics of function. Surface electromyography (sEMG) is becoming more widely
used to assess and treat SUI in an outpatient setting. It has been demonstrated to be
reliable and valid9 and shows good consistency when used with a standardized procedure
and program protocol. Pelvic floor muscle strength assessment (PFMSA) is also a useful
clinical tool to determine correctness of contraction and it scores the progressive
contractile ability similar to a manual muscle test.10 Other tools for evaluation include
imaging, multi-channel pressure measures, dynamometry, and vaginal weights. These
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tools are not readily utilized in the average clinic and may not be a consistent or reliable
resource for physical therapists treating SUI patients.
Though the results of several randomized clinical trials indicate favorable results
with PFM re-education using Surface EMG Biofeedback (sEMG-BF), there are no
studies on standardization for positioning the patient. Traditional methods utilize supine
as a standard position, likely due to convenience and repeatability.11 Previous studies do
not account for positions of function in which many patients report their symptoms.
Measurements limited to supine offer limited explanation about the active demand on the
PFM during activities in upright positions.
The purpose of this study was to compare PFM activity in three different
functional positions: 1) supine, 2) sitting, and 3) standing. We explored the relationship
between two clinical tools that measure static strength of the PFM, sEMG and pelvic
floor muscle strength assessment (PFMSA). In addition, we determined how our sample
of normal subjects differ in their strength values when stratified by age and parity.
METHODS
Subjects
Thirty-one female subjects, 21 years and older, were recruited by the investigator
from the Loma Linda University campus, local medical clinics and OB/GYN physicians’
offices and senior assisted living facilities. Subjects were included if they had no
significant health problems or risks, and no signs, symptoms, or medical diagnosis of
urinary incontinence. Subjects were excluded if they had undergone urogynecological
surgery or other medical treatment for a previous incontinence condition; had diseases
that intrinsically impair neuromuscular control of the bladder, including multiple
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sclerosis, myasthenia gravis or spinal cord injury; were pregnant or were potentially
fertile and currently not using birth control pills, diaphragm, condom with spermicidal
jelly or abstinence; had a diagnosis of significant pelvic floor organ prolapse (Grade III or
IV); had active urinary tract or vaginal infection; or were unable to get into any of the
three required positions.
After a brief phone interview, the investigator explained the study to the potential
subject. When the subject arrived for the testing, she completed the Inclusion/Exclusion
Screening Form [Appendix 1]. If the subject met the criteria, the investigator explained
the study and answered the subject’s questions. Women who wished to participate in this
study read and signed the informed consent approved by the Loma Linda University
Institutional Review Board, and the California Subjects Bill of Rights, and received a
copy of both signed forms. The forms were collected by the investigator. Then, the
subject was randomly assigned to one of six groups, in blocks of 10 at a time, based on
the six possible orders of supine, sitting and standing.
Instrumentation
For testing muscle activity, we used a laptop computer (Satellite by Toshiba, New
York, NY) and a single processing clinical biofeedback unit, the MR-20 Pathway (The
Prometheus Group, Dover, NH). It uses an analog to digital converter that sampled at a
frequency of 2000 samples per second with band pass filtered between 20 and 1,000 Hz.
Synergy program, Version 2 (The Prometheus Group, Dover NH) with preset and custom
protocols was used. Single-user intravaginal electrodes with longitudinal sensor plates
embedded in a probe were used (Vaginal/rectal sensor Model# 6320, The Prometheus
Group, Dover, NH). A flat surface electrode was used on the internal obliques for
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abdominal reference. We utilized a unit-specific grounding cable for minimizing noise
between the environment and the laptop. All parts of the hardware were certified as
calibrated at the beginning of the study [Figure 1].

Figure 1: SEMG Instrumentation: 1) Vaginal sensor, 2) Noise reduction
cable, 3) Biofeedback recording unit, 4) Abdominal electrode, 5) Laptop
computer with biofeedback software program.
Procedure
The data collection was performed at an outpatient physical therapy clinic. This
facility is equipped with two private (closed door) treatment rooms, with a sink, a
supportive chair, a hi-lo treatment plinth, and a women’s restroom. All data collection
and treatment techniques were performed solely by the investigator, a licensed physical
therapist trained in pelvic floor rehabilitation and biofeedback for incontinence. In
addition, another licensed physical therapist was in the room as a chaperone and research
assistant during all data collection.
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The investigator explained the procedure for the pelvic floor muscle strength
assessment (PFMSA) to the subject. The subject was asked to disrobe from the waist
down and put on a hospital gown. The subject was asked to lie supine on the
examination table with hips and knees in flexion.
The investigator applied sterile gloves and inserted one finger into the subject’s
vagina for digital palpation of contraction of the PFM [Figure 2]. The subject was
instructed to squeeze the investigator’s finger “as if she were drawing it up and in” for a
count of 3 seconds. This was repeated five times. During the performance of the PFM
contractions, the subject was instructed to keep breathing continuously to avoid the
Valsalva maneuver. Then the investigator assigned a muscle strength score as
determined by the subject’s contractions [Table 1].

Figure 2: Pelvic Floor Muscle Strength Assessment (PFMSA)
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Table 1.
Pelvic Floor Muscle Strength Assessment (PFMSA)
0 = No Contraction

Muscle contraction is absent.

1 = Trace Contraction

A feeble squeeze is elicited after providing a quick
stretch to the pelvic floor muscles.

2 = Poor Contraction

A thin band of tissue mildly exerts pressure around
the examiner’s fingers, generating a weak
contraction.

3 = Fair Contraction

Described as a “lift”, an up inward movement of the
perineum is appreciated.

4 = Good Contraction

Good hold with “lift”. Contraction is repeated a few
times.

5 = Strong Contraction

Good “lift”, repeatable, full 5 reps.

After the PFMSA was performed, the investigator explained the procedure for the sEMG
evaluation, and how to insert the vaginal electrode. The subject was instructed to put her
underwear back on to assist in keeping the electrode in place. The electrode was given to
the subject, and the investigator and therapist left the room, while she inserted it. When
the investigator and therapist returned, the investigator checked the electrode placement
and began the sEMG evaluation in the first assigned position to record the measurement
of resting baseline, maximum voluntary contraction (MVC), 10 second sustained hold,
and a contract-relax one minute trial [Table 2]. The entire procedure was repeated for
each of the other two positions and the four measurements were recorded.
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Table 2.
Surface Electromyography (sEMG) Assessment Protocol
Repetitions

Contraction Time

Rest/Recovery Time

Resting Baseline

1

Maximal Voluntary
Contraction

2

3 second hold

20 second rest

Isolated Contraction

2

10 second hold

30 second rest

Contract-Relax
Series

2

3 second hold

6 second rest

30 seconds rest, with no
muscle activity

To begin testing in the supine position, the subject was instructed to lie flat with
knees bent approximately 50 degrees, with feet flat and supported. She was instructed
not to lift her bottom or move her legs. When the subject was told to assume the sitting
position, a supportive chair with fixed arm rests and a pillow at her back was provided.
She was told to relax her arms and keep her feet flat on the ground and supported. She
was instructed not to lean forward or move her legs. In the standing position, she was
instructed to stand comfortably with her feet hip-width apart, arms hanging relaxed at her
sides, shoulders relaxed, and not to move her feet, lift her heels, or bend her knees
[Figure 3].
Before every position recording, the subject was told not to hold her breath, and
to focus on “closing her vaginal and anal openings and lifting up and in”.7,12 Subjects
were instructed to limit any movement, as this may lead to artifacts in the sEMG
recordings. After transitioning to the next position, the subject was asked to manually
check if the electrode had maintained correct placement with sensor tab pointing anterior
at all times. After the final measurement was taken, the investigator explained how to

10

Position 1: Supine

Position 2: Sitting Relaxed

Position 3: Standing Relaxed
Figure 3: Positions of Testing
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remove the electrode and place it back in a sealed bag. It was disposed of in a bio
hazardous waste container in the facility. Subjects who reported concern regarding
correct placement were visually checked by the investigator for correct placement, and
assisted with adjustments, if the sensor placement was not correct. The electrode
placement was monitored with every recorded measurement following their report.
The subjects were not compensated financially. After the study, those who
requested further information regarding pelvic floor health and treatment options, as well
as the results of their PFMSA score were contacted by mail.
Data Analysis
All statistical procedures were performed using the SPSS statistical package,
Version 12.0 (SPSS, Inc., 233 S. Wacker Dr., Chicago, Ill 60606). We normalized the
data to a percentage of their supine maximal voluntary contraction (MVC) measurement
within subjects for all four values in each position. We first evaluated our data for a
sequence effect. Using a one-way ANOVA, we found no significant difference for any
variable (p>.04) among the six randomized sequence groups. Our variables did not
demonstrate normal distributions, so we utilized non-parametric statistics to evaluate the
data. Medians, minimums, and maximums were determined for each normalized variable
by position. Friedman tests were used to compare each of the four sEMG measurement
values among the three positions. Spearman’s correlation coefficients were used to
evaluate relationships between the PFMSA and the MVC values; and between age and
parity and the PFMSA, MVC, and supine resting baseline. The level of significance was
set at .01, because of multiple testing.
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RESULTS
Thirty-one female subjects, between 23 and 74 years of age, with a mean age of
43 years participated in this study. The subjects reported parity status that ranged from 0
to 5 births (mean = 1.4, SD = 1.6) and a median of 1 birth. Fifty-one percent of the
subjects were nulliparous. Of the births reported by parous subjects, 15% were caesarian
delivery and 85% were vaginal births.
Descriptive statistics for each of the measurements in the supine, sitting, and
standing positions are given in [Tables 3 and 4]. The PFM resting tone, when measured
in isolation (resting average) or as part of a contraction series was statistically different
among the tested positions. For resting baseline, our subjects demonstrated higher pelvic
floor muscle tone in standing, when compared to supine (difference of 1.2%), and sitting
was higher than standing (difference of 3.5%). When resting sEMG was compared to a
contract-relax series, there was a different pattern. The supine resting value was the
lowest (21.9%), followed by sitting (22.8%), and finally standing (23.5%). The only
contraction value that showed a significant difference based on position was the 10
second hold (p=.03). This measure of muscle activity was lowest in supine (61.3%) and
highest in sitting (74.6%). The other recorded measures of muscle activity, single
maximal contraction and contraction during contract-relax series did not demonstrate
significant differences among positions (p=.06 and p=.21, respectively). In the contractrelax series, the contraction values did have varying rest to work amplitudes in different
positions [Figure 4]. The peak contraction average appeared the same in each position
though the initial resting values were statistically different.
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We calculated the correlation between PFMSA and supine MVC and found no
significant relationship (r= 18, p=.34). Also, no significant correlations were found
between age, parity, supine MVC and supine resting average (r < .28, p > .17).
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pressure with palpation of the PFM. This scale is descriptive, but not particularly linear.
The sEMG is a more specific measure of the motor point activation of the PFM. They
are intrinsically measuring different components of the PFM function. These
components may be exclusive and not related.
The possibility that gravity may have an effect should be considered. Previous
studies by Sapsford and Hodges15 demonstrated that there are increased hydrostatic
forces on the abdominals and PFM as a result of gravity. When compared to the limited
studies on position effect, our study shows congruency with a study by Bo and
Fickenhagen.11 They evaluated the difference between supine and standing utilizing a
vaginal pressure transducer and reported a significant difference at rest, but no
significance found during contraction. The demand of the pelvic floor during sitting has
not been well documented. It is possible that during the sitting task, the position of the
pelvis and the length of the pelvic fascia may have increased the tone required. The
increased resting values found in sitting also may be due to increased perineal pressure
increasing the sensory feedback of the vaginal probe.
Several factors may have influenced our ability to demonstrate positional
difference in contraction measures. There are several precautions necessary when
interpreting sEMG values to explain muscle contraction. Turker16 recommended caution
when using EMG as an absolute measure of force because not all muscles give non-linear
responses. However, other researchers utilizing sEMG clarify that as long as the muscle
is not fatigued the amplitude, if normalized, is a good tool. 17, 18 Petrofsky19 also indicated
that sEMG shows that as a muscle fatigues the recruitment of fibers increases giving
higher values though force may not be increasing. Isometric contractions using sEMG
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must be demonstrated across the same part of the muscle to measure consistent motor
unit activity.20
One limitation of this study was that we utilized a straight type of vaginal sensor.
An electrode that maintains static contact on same area of muscle during a contraction
may be more optimal for sEMG testing in alternative positions from supine. By using an
anatomical buttress at the base of the electrode or a bulb-type tip at the end movement of
the electrode along the vaginal vault can be controlled. Though we made all attempts to
check the sensor and maintain the position with every measurement, the use of an
electrode with an internal stabilizer may have proved useful.
Another limitation of this study was low control for monitoring accessory muscle
activity. A controlled design with further instruction to the patient regarding decreased
extra-muscular activity or measurement of concurrent accessory muscle activity about the
pelvis may be helpful in diminishing possible confounds of “cross-talk” and
demonstrating isolated PMF values. Sapsford and Hodges15 used a cancel method to
assign differences between muscle activity of adductors, gluteals, and PFM to isolate
PFM activity.
Even if positional differences cannot be demonstrated for contraction using
sEMG, the value of measuring PFM function in positions other than supine could still
show functional relevance for the clinician when using other tools. Physical therapists
who wish to progress their patient to positional continence need to consider the
effectiveness of utilizing the position, even if current models of research do not
adequately demonstrate the full extent of the muscle dynamics.
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Future studies should further assess all aspects of muscle function in positions in
which patients regularly report urine loss to create a more complete profile of the
dynamic demands of the muscles in the pelvic floor. In addition, studies comparing age
and parity matched SUI and normal subjects would be useful in showing the specific
clinical measures that differ between the populations.
CONCLUSION
Patients who report SUI symptoms demonstrate worsening of symptoms in
upright postures, such as sitting and standing. This is consistent with our findings that
positions of sitting and standing increase the resting muscle activity of the PFM, as
measured by sEMG, when compared to supine in normals. Physical therapists who treat
these patients can demonstrate the increased supportive properties of the PFM by
measuring the resting tone using sEMG in these alternative positions.
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Appendix I.

STUDY PARTICIPANT SCREENING FORM
Please circle the answer to the following questions.
1. Can you lie on your back comfortably for 15 minutes?

YES

NO

2. Can you stand comfortably for 15 minutes?

YES

NO

3. Can you sit comfortably for 15 minutes?

YES

NO

4. Have you ever had involuntary urinary leakage?

YES

NO

5. Are you taking medication for or been diagnosed
with incontinence?

YES

NO

6. Have you had any surgery for a bladder problem?

YES

NO

7. Are you diagnosed with any of the following:
Multiple sclerosis, myasthenia gravis, spinal cord injury?

YES

NO

8. Are you currently pregnant?

YES

NO

9. Are you off of birth control?

YES

NO

YES

NO

YES

NO

Do you have the potential to be pregnant right now?
10. Do you have an active urinary tract infection?
11. Age:
12. Number of Births

INCLUSION:
Subject #

YES

Type of Births

NO

Group Assignment:
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Appendix II.
Cleaning Instructions for Vaginal Probe
How to Clean and Insert your Pathway Vaginal Probe
The sensor should be cleaned before the first use and immediately after each subsequent
use.
1.

Wash and lather your hands with soap and flowing luke-warm water in the sink.

2.

Apply the same lather to the sensor then rinse off all soap residue.

3. Wipe the sensor dry with a clean cloth or paper towel. Allow the sensor to air-dry
and when you are sure it is completely dry, store the sensor in the original bag.
NOTE: Do not use abrasive cleaners on the sensor. Do not expose the sensor to high
temperatures. Do not submerge or use the sensor in water. Do not get sensor plug or
cable wet. Do not attempt to sterilize the sensor by any other method.
Directions for Use:
1. Clean the sensor as described above.
2. If necessary, empty your bladder and bowels before your testing or training

session to avoid later interruption.
3. If required for ease of insertion, lubricate the tip of the sensor lightly. Place a ‘A

inch dab of lubricant on a paper towel and touch the tip of the sensor to the
lubricant.
4. Locate your vaginal opening with one hand and with the other grasp the tab at the

base of the sensor with thumb and forefinger and insert the sensor into your
vagina until the tab and sensor rim come in contact with the body. The tab and
rim act as a stop to insure proper insertion depth. The tab should be pointing to
the front of the body.
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Appendix III.
LITERATURE REVIEW

Three out of every 10 women between the ages of 30 and 59 years experience
Stress Urinary Incontinence (SUI).1 It is the most common form of incontinence in
women and is often defined as the leakage occurring during physical exertion.
There are many factors associated with incontinence. Common contributing
factors include urinary tract infection, constipation, obesity, smoking, frequent high
impact aerobic exercise, or other activity.4 Additional factors may also include aging,
bladder weakness, hormone imbalance, prolapse of the uterus or bladder, difficult vaginal
birth, or weakness of the pelvic floor muscles. 5,6
Parity has been extensively studied as a predictor of SUI and impaired function of
the pelvic floor. It is estimated that 78% of female SUI conditions are related to
maternity; 64% reporting an onset peripartum, and 14% puerpartum.6 The vaginal vault
properties, however, are intended for delivering a baby, and intact pelvic floor
musculature and fascial structures should allow for rebound and restoration of support of
genital and urinary organs to avoid laxity syndromes and symptoms. 7,8,9
Anatomy and Physiology of the Pelvic Floor
The pelvic floor muscle (PFM) complex is comprised of a series of muscles
called levator ani. Reference to these muscle and fascial structures as “the pelvic floor”
initially explain their anatomical relation to the visceral cavity, but do not adequately
describe their function or dynamic properties. 10,11
The levator ani muscle [Figure 6] includes the more anterior and inferior
pubococcygeus and the more posterior and superior iliococcygeus. The pubococcygeus
23
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attaches to the dorsal surface of the pubic bone and laterally to the arcus tendineus levator
ani, or muscle white line. It forms a sling around the anus, prostate or vagina, and
urethra.12 The posterior of the levator ani, the iliococcygeus muscle, anchors above the
tendinous arch of the levator ani muscle and to the spine of the ischium and below
attaches to the anococcygeal body and to the last two segments of the coccyx. The
coccygeus muscle forms a continuous plane with the iliococcygeus. Laterally, the
coccygeus is anchored to the spine of the ischium and the fibers of the sacrospinous
ligament. Medially, the coccygeus fans out to end on the margin of the coccyx and on
the side of the lowest piece of the sacrum. The obturator intemus muscle forms the
muscular sidewalls of the pelvis and narrows down to a tendinous band which exits the
pelvic below the ischial spines to attach to the greater trochanter of the femurs.2
:
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Figure 5. Anatomical diagram of the Pelvic Floor Muscles
Effective PFM contraction is functionally described as complete urethral closure.
The underlying theory of PFM exercise is that increasing strength and size of these
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muscles will correspond with an increase in urethral resistance.13 In considering the
correct motor coordination, the superficial urogenital triangle musculature must work
together with the levator ani muscles to effect that force on the urethra. The
bulbospongiosis, ischiocavemosus and transversus perinei superficialis muscles on each
side of the body form a triangle. The medial leg of the triangle is the bulbospongiosus or
the sphincter which surrounds the vaginal opening. Posteriorly, the bulbospongiosus
anchors to the perineal body, where it interdigitates with the external anal sphincter and
the transversus perinei superficialis. The ischiocavemosus is located along the lateral
boundary of the perineum, next to the bony ridge of the anterior pubic ramus between the
pubic symphysis and the ischial tuberosity. The transversus perinei superficialis muscle
spans the perineum laterally between the ischial tuberosities joining the sphincter ani and
the bulbospongiosis in the midline at the perineal body.
Knowledge of the function as well as the structure of the PFM and the
mechanisms for normal bladder function are imperative to understanding urinary
incontinence. The pelvic floor muscles have three major functions: 1) Sphincter control,
2) support the abdominopelvic organs and 3) assistive role in sexual responsiveness. 12
The pelvic floor muscles act as detrussor inhibitors when the bladder is full and
voluntary forces keep the bladder from emptying reflexively. They can also act like a
sling, and with normal resting tone, they support the bladder and keep the urethral
sphincter closed during any unexpected pressure or stress.14 Normal function of these
muscles is vital to avoid compromise of the endopelvic fascia and ligaments.15
Factors that preclude the normal recovery of perineal tissues include neuropraxis,
fascial defect, surgical scarring, or birthing trauma.12 With some of these conditions, the
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possibility of corrective therapies such as pelvic muscle training becomes ineffective.
Where there is no possibility of contraction due to incomplete attachment of muscle or
denervation, there is no re-education possible to return the muscle to normal function of
increasing urethral closing pressure. Current training in gynecological evaluation
includes determining these “fascial defect” patients as non-candidates for behavioral
treatment options.7
Treatment Options
When treating incontinence, it is important to know the etiology of the problem you are
trying to fix. There are five forms of urinary incontinence, the two most common are
stress and urge.12
Pharmacological interventions usually address symptoms of urge incontinence by
the direct inhibition of the bladder muscle using anticholinergic medications.16 In
addition, women who have symptoms of weakening and thinning of estrogen sensitive
urethral and vaginal structures may be aided by oral or topical estrogen therapy. This
intervention is not well established in patients who have SUI.17
Other medical interventions can be used in specific conditions. Collagen
implants or injections that support the urethral neck have been used in women with a
primary etiology of intrinsic sphincter deficiency. The bulking agents are effective for
those cases, but demonstrate short term effects.12 Pessaries, supportive donut-shaped
rings that are inserted by a physician, can be useful in patients with pronounced prolapse
that is increasing perineal descent of an intact PFM complex.
Surgical urethral neck reconstruction may be used to correct some cases of stress
incontinence.17 If patient demonstrates urethral hypermobility, then a Marshall-
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Marchetti-Krantz procedure will attach the anterior paravaginal fascia (APF) to the
posterior pubis. The Burch colposuspension does a transabdominal attachment of the
APF to Cooper’s ligament. With an intrinsic sphincter deficiency, cadaver, synthetic, or
donor fascia is attached to the urethra for a support.12
Though most urological consultations are determining candidacy for surgery, it is
important to realize that several factors impact the efficacy of surgical correction of SUI,
including frailty of the patient, condition of the tissues, and ability to heal. The level of
severity must be considered in relation to the risks presented. In addition, durability of
the treatment (including current empirical evidence) and incidence of complication must
be considered. 1,18 Thus, there are many patients that will either be considered for
conservative treatment before surgical candidacy, or as a result of failure to meet surgical
criteria.
Behavioral approaches can include voiding scheduling, changes in fluid intake,
and dietary restrictions. 19 20 In addition, conservative approaches promote inclusion of
biofeedback in a PFM exercise regimen to increase awareness of pelvic muscles and
strengthen them. 20 21
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Some women demonstrate difficulty in properly

contracting their pelvic floor muscles when given simple verbal instruction.27 Bladder
and urethral pressure, vaginal and rectal pressure, and muscle activity have been used in
training women who do not know how to contract their pelvic floor muscles, by giving
them a visual, auditory or tactile signal as a response to an effort of contraction
Feedback is an important component of any motor learning process. Knowledge
of results creates useful cues for future performance of tasks utilizing concurrent sensory
cues for intrinsic feedback.29 Biofeedback provides knowledge and awareness of these
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intrinsic cues by displaying physiological responses, while a patient participates in a task.
It also creates a reinforcement of effort by showing the result of the patient’s participation
in the task with respect to an environmental goal.30
Biofeedback is a method widely used with PFM training to help patients learn to
correctly control and contract their pelvic floor muscles.12 It provides a demonstrated
response for patients to see or hear the result of their effort. The perineometer was first
described as a biofeedback tool.31,32 The pneumatic device served as a progressive guide
demonstrating pressure that was visible to the patient and physician.33
Kegel exercises with biofeedback, first introduced in 1949, were based on
Kegel’s study that determined women with pelvic floor muscle laxity.33 The purpose of
Kegel’s exercises was to increase the muscle volume and to develop stronger reflex
contractions following a quick rise in intra-abdominal pressure.23 Hypertrophy and
increased motor control are the goals of most current pelvic floor exercise protocols.
These exercises also increase urethral resistance by increasing periurethral muscle
tension. Current studies have shown that Kegel exercise without the use of biofeedback
is less effective.22
Research Limitations
Studies including exercise as treatment for urinary incontinence have not matched
those of other areas of the musculoskeletal system.12 Recently the effects of pelvic
muscle exercise have been extensively studied and the research has been difficult to
properly evaluate because of four factors. First, lack of selection of subjects who are
homogenous in history and symptoms. Second, many articles are unable to demonstrate
compliance to the regimen. Third, the instituted protocols widely vary, making
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comparison difficult. Fourth, without valid measurement tools and techniques including
standardization of those measurements, the results cannot be compared.34
Measurement ofFunction
Physical therapists are trained to access muscle attributes and function as it relates
to symptoms or disability. It is important that the physical therapists treating women
with pelvic muscle dysfunction understand the available measurement tools and their
construct utility. Bo and Sherbum.34 outlined specific areas of measurement for
parameters needed to understand the dysfunction and function of the PFM complex.
They suggested that the two main reasons physical therapists need to conduct high
quality measurement are a) to find out what is the most effective intervention, and b) to
demonstrate progress, we need to be able to measure accurately values that explain
function. In addition, if effective training is to occur, appropriate monitoring is needed.
Many forms of evaluation for normal function of the PFM have been used.

15,35-36

Clinically, many physical therapists use more than one form to determine the overall
health and fitness of the PFM. A recent study attempted to determine areas of PFM
function and their most useful testing tool. The two main categories were: 1) Ability to
contract and 2) Strength quantification.34
Recent studies involving ultrasound and magnetic resonance imaging are being
evaluated for their ability to show real time actions of the PFM in an attempt to quantify
muscle volume, as well as degree of pelvic diaphragm lift during a contraction.37
Perionometric measurements have been utilized since Arnold Kegel introduced his initial
device as a home trainer for the patient with laxity and weakness of the PFM complex in
the mid 1900s.33 This device has now developed into a highly advanced tool that
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registers in cmH20 using a fiberoptic microtipped balloon transducer placed in the vagina.
There are some inherent difficulties with utilizing pressure measures because intra
abdominal pressures directly effect the PFM measurement. Though not complete,
perinometry gives the clinician a comparative tool for assessing the dynamic compression
force of PFM.
■j o

In an attempt to start to quantify the digital pressure, Laycock used the same
initial test and added a scaled manual muscle test of the levator ani muscles. The
PFMSA method has been tested for validity and reliability and widely documented in the
literature. There have been several studies using it as the clinical standard in testing in
typical gynecological office and women’s health practices that do not readily have other
resources or devices.
In 1994, Laycock39 described the strength of a pelvic floor contraction in terms of
a modified Oxford scale from 0 to 5, where 0 represents nil response; 1 represents a
flicker; 2 represents a weak contraction; 3 represents a moderate contraction, with a
degree of lift; 4 represents a good contraction, and the patient is able to contract the
muscle against some resistance; 5 represents a normal muscle contraction, implying a
strong squeeze and lift, against resistance. [Table 1] This technique was shown to be
reliable in inter-rater and test-retest reliability studies.40 This assessment is the key to the
selection of treatment modalities. Women graded 0, 1 or 2, (i.e. those who cannot
voluntarily contract their pelvic floor muscles or the contraction is very weak) are
recommended to receive one or more of the following: electrical stimulation, biofeedback
or cones. Women who demonstrate a grade 3, 4 or 5 are recommended a home directed
PFM exercise program. 10,12
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Recent advances in sEMG technology make it cost effective, less invasive,
convenient, and easy to administer. Practices having sEMG units are able to demonstrate
muscle activity values on individual patients in the clinic. The sEMG evaluation is a user
standardized series of tests designed to assess the patient's pelvic muscle condition and
neurological control, in order to pin-point deficiencies and provide a sound basis for a
treatment plan. Surface EMG has its limitations as well. First, limited standardization of
position and protocols make it difficult to generalize about data collected. Second, the
inherent nature of collecting muscle activity may have confounding factors of “cross
talk” from accessory muscles similar to pressure measures. Because of its growing use,
reliability and validity of sEMG assessment of PFM have been documented. 29,40
There are no published studies that attempt to correlate the Pelvic Muscle
Strength Assessment (PMSA) score with pV on a sEMG reading. Determining if the two
most readily available tools utilized by clinicians have any relationship would be valuable
towards understanding pelvic floor function.
Question ofPosition
Many pelvic floor exercise programs suggest progression from supine to upright
positions as strength improves.12 There are several studies that look at objective tests and
subjective measures of urinary incontinence symptoms in different positions. 28,41,42 Bo
discusses thirteen different types of physical exertions known to trigger urinary leakage
during social situations.43 These are all upright tasks. Though the goal of treatment is to
return patient to continence in all positions of function, few studies have assessed the
specific effect of posture on maintenance of continence. 44,45,46
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In a study of the relationship of exercise and incontinence, Nygaard47 found that
47% of recreationally exercising females experienced some degree of incontinence. Even
in collegiate nulliparous female athletes, there were 28% who reported SUI, while
performing in their sport. Though some would expect elite and young athletes to have
well developed, highly responsive neuromuscular function, this finding underlines the
fact that pelvic floor muscle contraction is an acquired function, and that those women
who feel no symptoms while sedentary, find that with certain physical demands and
positions their incontinence is evident.48 In addition, it demonstrates further evidence
that demand on the PFM complex may be influenced by specific activity, related muscle
forces, and gravity.
Most studies reviewed had little empirical evidence explaining how to position
patient for biofeedback treatment. Many of the patients critical complaints of symptoms,
however, happen in specific and functional positions. Kegel studied the progressive
resistive exercises and described the use of a perineometer in supine.32 Supine has been
used for most measurements of the PFM due to convenience and because it was easy to
reproduce. Wallace indicates that starting in positions that eliminate gravity, advancing
to upright and functional positions as patient’s strength improves is the best protocol.
Sapsford et al49 studied contraction of the pelvic floor during abdominal
movements and found that in standing, there is a higher resting tonic state observed by
EMG in both abdominal muscles and pelvic floor muscles. They concluded that
abdominal muscle contraction occurs in co-activation and that pelvic floor muscle
activity precedes abdominal muscle contraction from increased intra-abdominal pressure,
possibly by a neurological reflex, not afferent stretch response. The author attributed this
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to the increased hydrostatic forces on the abdomen and pelvic floor as a result of gravity.
They also suggested that during relaxed standing or sitting, while the abdominal wall is at
rest, patients with urinary incontinence may report symptom increase.
Bo and Fickenhagen44 compared vaginal squeeze pressure values in standing and
sitting. They studied 18 subjects with varied diagnoses of urinary incontinence and
measured three repetitions in standing and supine after randomizing order position. They
found that there was no significant difference between positions for squeeze pressure or
holding time, but resting pressure was significantly higher in standing.
When assessing the PFM in conjunction with its lower quarter functional unit, it
has been shown that different pelvic and hip muscles can assist or compensate during
pelvic floor contractions.50 The superior muscle strength of the gluteal, adductors, and
abdominals compared to pelvic floor can mask weak contractions of the pelvic floor. As
isolated strength increases, however, it may be that these muscles work in synergy.51 In
addition, the demands of the hip for static standing tasks elevate the muscle strength
generated by the large and small hip muscles.
No one clinical tool adequately demonstrates the dynamic properties of the pelvic
floor muscle.52 Therefore, to be able to assess it in its functional capacity, one may need
to use multiple tools to address different variables (e.g. pressure strength, muscle activity,
correctness). Physical therapists play an important role in linking functional loss to
musculo-skeletal impairment. As we determine the mechanisms involved with changes
in position in the asymptomatic pelvic floor, we are better equipt to assess and treat
our patients in ways that represent objective and functional progress.
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Appendix IV
Box Plots Comparing sEMG measures in different positions
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Figure 6. Comparison of percent of maximal voluntary contraction (MVC) of the resting
value among the three positions during the contract / relax series.
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Figure 7. Comparison of percent of maximal voluntary contraction (MVC) among the
three positions during the ten second contraction
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